Long non-coding RNAs (lncRNAs) exert various functions in human cancers. However, the biological functions of lncRNAs in non-small cell lung cancer (NSCLC) are unknown. In the present study we investigated the tumorsuppressive role of lncRNA on chromosome 8p12 (TSLNC8) in the pathogenesis and progression of NSCLC.
Background
Lung cancer is one of the most common and aggressive tumors worldwide, with extremely high morbidity and mortality rates [1] . Among diagnosed lung cancer cases, approximately 80-85% are non-small cell lung cancer (NSCLC) [2] [3] [4] . Although advances in diagnosis and treatment have been made in NSCLC, the 5-year survival rate and recurrence rate remain poor [5] . Previous studies have found that numerous genes are closely involved in the occurrence of lung cancer, but the underlying mechanisms have been unclear [6] . Therefore, it is of paramount importance to understand the molecular mechanisms involved in the pathogenesis of NSCLC to improve diagnosis and therapy for patients with lung cancer. lncRNAs (long non-coding RNAs) are transcribed RNA molecules whose length is more than 200 nucleotides [7] . lncRNAs are involved in many biological activities in the body, such as angiogenesis, apoptosis, and migration [8, 9] . Furthermore, mounting evidence shows that lncRNAs also act as regulatory factors in various cancers, including osteosarcoma [10] , hepatocellular carcinoma [11] , and glioblastoma [12] . In recent years, lncRNAs have been proved to exert important functions in lung cancer [13] . For instance, Yang et al. revealed that lncRNA PVT1 expression is significantly increased in NSCLC, and knockdown of PVT1 suppresses the proliferation, migration, and invasion of lung cancer cells [14] . In addition, Nie et al. showed that overexpression of lncRNA UCA1 improved cell growth, whereas UCA1 silencing attenuated the proliferation of NSCLC cells, and higher expression of UCA1 led to shorter survival time in NSCLC patients [15] . Shi et al. found that lncRNA GAS5 level is downregulated in cancerous tissues and functions as a tumor suppressor in lung cancer cells. Overexpression of GAS5 inhibits tumor cell growth and induces apoptosis, while knockdown of GAS5 accelerates cancer cell growth [16] .
Tumor-suppressive lncRNA on chromosome 8p12 (TSLNC8), also named LINC00589, is one of various lncRNAs [17] . TSLNC8 was reported to be remarkably downregulated in human glioma tissues, suppressing proliferation and facilitating apoptosis in human glioma cells [18] . Furthermore, TSLNC8 exerts its tumor-suppressive function by inactivating the IL-6/STAT3 signaling pathway in liver cancer [17] . Therefore, TSLNC8 has been regarded as a tumor suppressor in some cancers; however, the biological role of TSLNC8 in human lung cancer remains unknown.
In this study, we assessed the expression of lncRNA TSLNC8 and its functional role in cell proliferation, migration, and apoptosis in NSCLC. Moreover, we also explored the inhibiting effects of lncRNA TSLNC8 on NSCLC cells through regulation of the IL-6/STAT3/HIF-1a signaling pathway.
Material and Methods

Cell culture
The human lung cancer cell lines A549 (CVCL_0023), H441 (CVCL_1561), and H1975 (CVCL_DG25) and normal human bronchial epithelial cell line HBE (CVCL_0287) were purchased from the American Type Culture Collection (ATCC, USA). All cells were cultured in RPMI-1640 medium (Gibco Co., USA) containing 10% fetal bovine serum (FBS; Invitrogen, USA), 100 μg/mL streptomycin, and 100 U/mL penicillin at 37°C with 5% CO 2 . To create hypoxic conditions and induce autophagy, cells were cultured in medium with 100 μmol/L CoCl 2 for 24 h at 37°C with 5% CO 2 .
Cell transfection
For overexpression of TSLNC8, pcDNA-TSLNC8 and the empty vector (pcDNA) were constructed by Invitrogen. Then, the A549 cell lines were cultured in 6-well plates (1×10 6 cells/well) and transfected with pcDNA-TSLNC8 and pcDNA using Lipofectamine 2000 (Invitrogen-Life Technologies, USA) according to the manufacturer's protocol. After transfection for 24 h, the cells were cultured in medium with 100 μmol/L CoCl 2 for 24 h. Then the cells were processed for subsequent experimentation.
RNA extraction and qRT-PCR
Total RNAs were extracted from lung cancer cells using the Trizol reagent kit (Invitrogen). The concentration and quality of RNA were examined using NanoDrop 2000 (Thermo Scientific, Wilmington, DE). Total RNA was reverse-transcribed into cDNA using a Reverse Transcription System kit (Takara; Dalian, China). The TSLNC8 expression level was determined by RT-PCR using SYBR Premix ExTaq II kit (Takara) on an ABI PRISM 7900 system (Applied Biosystems, USA). GAPDH was used as the internal control. The PCR amplification program was the following: 95°C for 30 s, followed by 40 cycles of 95°C for 1 s and 60°C for 34 s. The sequences of primers were: TSLNC8 forward, 5'-TGA TCC TCA TAG TAT AAT G-3' and reverse, 5'-AGT TCT TTA GCA GTA CATG-3'; GAPDH forward, 5'-GTG GAC ATC CGC AAA GAC-3' and reverse, 5'-AAA GGG TGT AAC GCA ACTA-3'.
Cell Counting Kit-8 assay
Cell proliferation viability of A549 cells was evaluated by Cell Counting Kit-8 assay (CCK-8). Transfected cells were seeded at a density of 5×10 3 cells/well in 96-well plates and cultured at 37°C overnight. Then, we added 10 μL CCK-8 solution (Dojindo, Tokyo, Japan) to each well 0, 24, 48, and 72 h. After 2-h incubation, the absorbance was detected with a microplate reader (Bio-Rad) at a wavelength of 450 nm.
Cell apoptosis analysis
Cell apoptosis was detected using the FITC Annexin V Apoptosis Detection Kit I (Ribobio, Guangzhou, China) according to the manufacturer's protocol. Briefly, cells were cultured in 6-well plates and were transfected for 48 h. Subsequently, cells were collected, washed with precooled phosphate-buffered saline (PBS), and re-suspended in binding buffer. Then, the cells were treated with Annexin V-FITC and propidium iodide for 20 min at room temperature in the dark. FlowJo software (Tree Star, Ashland, OR, USA) was used for apoptosis analysis.
Wound healing assay
To investigate cell migratory ability, transfected A549 cells were cultured in 6-well plates and grown until 80-90% confluence. An artificial scratch was created with a pipette tip, and wounded monolayer cells were washed 3 times with PBS. Following incubation for 24 h, images were captured and the numbers of migrated cells were counted using a light microscope (Nikon, Tokyo, Japan).
Cell invasion assays
The invasion capacity of A549 cells was investigated by Transwell assay. Matrigel (BD Biosciences) was added to the upper Transwell chambers (8.0 μm pore size, Costar, Shanghai, China) to form a matrix barrier. Then, the transfected cells were re-suspended in serum-free medium and plated into the upper chamber, while the bottom chamber was covered with the complete medium. After incubation at 37°C for 24 h, the non-invading cells above the membrane were wiped off. Afterwards, the invading cells were fixed with 100% methanol for 10 min and stained with 0.5% crystal violet for 10 min at room temperature. The numbers of invading cells in each well were counted from 5 visible fields using a microscope (Olympus Corp, Tokyo, Japan).
Western blot assay
Total proteins from transfected A549 cells were lysed with RIPA lysis buffer (Beyotime, Shanghai, China). The BCA Protein Assay Reagent Kit (Beyotime) was used to measure protein concentrations. Proteins were loaded onto 10% SDS-PAGE, then transferred onto PVDF membranes (Bio-Rad) and blocked with 5% skimmed milk for 2 h at room temperature. Subsequently, the membranes were incubated with primary antibodies (CDK2, 5 µg/ml, ab6433; cyclinE1, 1: 2000, ab71535; P21, 1: 3000, ab227443; MMP2, 1 µg/ml, ab37150; MMP9, 1: 1000, ab38898; Bcl-2, 1: 500, ab196495; Bax, 1: 500, ab53154; cleaved caspase3, 1: 500, ab49822; IL-6, 1: 500, ab6672; JAK2, 1: 1000, ab39636; p-STAT3, 1: 1000, ab30647; HIF-1a, 1: 1000, ab216842; STAT3, 1: 5000, ab119352; Beclin-1, 1 µg/ml, ab62557; p62, 1: 2000, ab155686; ATG14, 1 µg/ml, ab139727 and GAPDH, 1 µg/ml, ab37168, all from Abcam, overnight at 4°C. After washing 3 times with TBST, the membranes were incubated with goat anti-rabbit IgG (1: 10 000, ab175781, Abcam) or goat anti-mouse IgG (1: 10 000, ab175775, Abcam) secondary antibodies at room temperature for 2 h. ECL Western blotting kit (Bio-Rad lab, USA) was used to visualize the protein bands. GAPDH was used for an internal control.
Immunofluorescence staining
Transfected cells slides were fixed with 4% formaldehyde for 15 min and were permeabilized with 0.1% Trioton X-100 in PBS for 20 min on ice. After washing with PBS, the cells were incubated in a blocking solution composed of PBS containing 5% skimmed milk at room temperature for 1 h. Primary antibodies targeting LC3-II (Abcam) diluted 1: 200 in blocking solution were added to the slides at 4°C overnight. After washing 3 times with PBS, the cells were incubated with the blocking solution with Cy3-conjugated donkey anti-mouse immunoglobulin G antibody (Jackson Immuno Research Laboratories) at a dilution of 1: 600 for 2 h at room temperature. Finally, the slides were washed 3 times and photographed under a fluorescence microscopy (Olympus, Tokyo, Japan).
Statistical analysis
SPSS version 20.0 and GraphPad Prism 6 were used to perform statistical analysis. The two-tailed t test was used to analyze differences between 2 groups, while one-way analysis of variance (ANOVA) was used for multiple comparisons. Data are presented as the mean ±SD. A P value <0.05 was considered to indicate a statistically significant difference.
Results
TSLNC8 is significantly downregulated in lung cancer cell lines
To explore the role of TSLNC8 on lung cancer development, we first examined TSLNC8 RNA levels in lung cancer cells and normal human bronchial epithelial cells by quantitative real-time PCR. As presented in Figure 1 , TSLNC8 was obviously downregulated in A549, H441, and H1975 cell lines, and the relative expression of TSLNC8 was reduced by 82.5%, 25.7%, and 66.4%, respectively, when compared with the normal cell lines. A549 cells showed the lowest expression level of TSLNC8 in the tested lung cancer cell lines. Therefore, A549 cells were selected for subsequent experiments. 
Overexpression of TSLNC8 inhibits lung cancer cell proliferation
To investigate the influence of TSLNC8 on lung cancer cell proliferation, we overexpressed TSLNC8 in A549 cells (Figure 2A ). The effect of TSLNC8 overexpression on proliferative ability in A549 cells was assessed by CCK-8 and Western blotting. The results from CCK-8 assay showed that TSLNC8 overexpression inhibited the growth of A549 cells at 24 h, 48 h, and 72 h, and the inhibitory rates were 54.2%, 34.1%, and 38.3%, respectively ( Figure 2B ). Consistent with the above results, the decreased levels of CDK2 and cyclinE1 and the increased p21 level in A549 cells were tested by Western blot assay. CDK2 and cyclinE1 activity was reduced by 55.2% and 50.9%, respectively, and p21 activity was increased by 267.9% ( Figure 2C ).
These results indicate that TSLNC8 effectively suppressed lung cancer cell proliferation.
Overexpression of TSLNC8 inhibits lung cancer cell migration and invasion
We studied the effects of TSLNC8 overexpression on lung cancer cell migration and invasion to identify the role of TSLNC8 in tumorigenesis. Wound healing assay revealed that upregulation of TSLNC8 markedly attenuated the cell migration capacity compared to the control, and cellular migration was inhibited by up to 60.5% ( Figure 3A ). Furthermore, Transwell assay indicated the number of invasive cells was significantly decreased after TSLNC8 was overexpressed, and the inhibitory rate was 62.4% ( Figure 3B ). Subsequently, the proteins levels of MMP2 and MMP9, which are involved in cell migration and invasion, respectively, were detected in A549 cells.
According to the results of Western blot assay, the expressions of MMP2 and MMP9 were both greatly decreased and the activity of MMP2 and MMP-9 were reduced by 35.3% and 64.9% in TSLNC8-overexpressing A549 cells ( Figure 3C ). Thus, our results indicated that overexpression of TSLNC8 inhibited lung cancer cell migration and invasion.
Upregulation of TSLNC8 facilitates lung cancer cell apoptosis
To further elucidate the role of TSLNC8 in tumorigenesis, cell apoptosis was detected by flow cytometry and Western blotting. As shown in Figure 4A and 4B, upregulation of TSLNC8 clearly promoted the apoptosis of A549 cells, and the apoptosis rate increased to 22.3% compared to the control and negative vector control. Moreover, decreased level of Bcl-2 and increased levels of Bax and cleaved caspase3 were observed in TSLNC8 overexpression, with 54.3% inhibition and 428.4% and 338.3% promotion, respectively. (Figure 4C , 4D). These results indicated the ability of TSLNC8 to accelerate apoptosis in A549 cells.
Upregulated TSLNC8 expression suppresses autophagy in lung cancer cells
The above experiments revealed the relationship between TSLNC8 and cell apoptosis, which prompted us to explore whether TSLNC8 could affect autophagy in lung cancer cells. Cells were induced by CoCl 2 for 24 h to establish a hypoxia model. The results demonstrated that the levels of ATG14 and Beclin-1 were significantly enhanced, whereas p62 was decreased in the negative vector control treated with CoCl 2 . The activity of ATG14 and Beclin-1 increased by 1.82-fold and 1.24-fold, while p62 was reduced by 55.5%. However, TSLNC8overexpressing cells exhibited the opposite results and the activity of ATG14 and Beclin-1 were reduced by 31.4% and 23.2%, respectively, while p62 was increased by 58.7% compared with CoCl 2 treatment ( Figure 5A ). In addition, immunofluorescence staining showed a significant increase in the expression of LC3-II in the control cells but there was a decrease in TSLNC8overexpressing cells when treated by CoCl 2 (Figure 5B ). Taken together, these data suggest that TSLNC8 promotes cell apoptosis via inhibiting autophagy in lung cancer cells.
TSLNC8 overexpression suppresses autophagy by inhibiting the activation of IL-6/STAT3/HIF-1a pathway
We further explored the potential mechanism by which upregulation of TSLNC8 suppresses autophagy in lung cancer cells. According to the results of Western blotting, the protein levels of IL-6, JAK2, and HIF-1a and the phosphorylation of STAT3 in cells treated with CoCl 2 were significantly higher than in the negative vector control, while the opposite results were observed in TSLNC8-overexpressing cells. Protein levels of IL-6, JAK2 p-STAT3, and HIF-1a in the pcDNA-TSLNC8+CoCl 2 group were reduced by 17.4%, 24.3%, 14.4%, and 11.3% when compared with the pcDNA+CoCl 2 group, but the total level of STAT3 did not change in each group ( Figure 6 ). These results suggest that TSLNC8 overexpression inhibits A549 cell autophagy via regulation of the IL-6/STAT3/HIF-1a pathway.
Discussion
Accumulating evidence shows that several tumor-suppressor genes are located on chromosome 8, such as HTPAP (8p12) [19] , SH2D4A (8p22) [20] , and CSMD1 (8p23) [21] . Deletions in the short arm of chromosome 8 are closely associated with tumors [22] [23] [24] . In the present study we demonstrated that the lncRNA TSLNC8, located at 8p12, functions as a tumor suppressor in non-small cell lung cancer. The results suggest that TSLNC8 expression is significant downregulated in lung cancer cells and TSLNC8 overexpression suppresses cell proliferation and metastasis and promotes apoptosis resulting from autophagy. Importantly, TSLNC8 can inhibit autophagy via inactivation of the IL-6/STAT3/HIF-1a signaling pathway.
Cell apoptosis and autophagy play significant roles in homeostasis and in pathogenesis of diseases [25] . Autophagy has been shown to have a complex interplay with apoptosis [26] . Autophagy functions as a cell survival pathway to suppress apoptosis, but it also can lead to cell death in synergism with apoptosis or as a back-up mechanism for apoptosis [27] .
In the present study we found that TSLNC8 suppresses cell proliferation, migration, and invasion, and promotes apoptosis in lung cancer cells. Considering the effect of TSLNC8 on cell apoptosis, we further investigated the relationship between autophagy and TSLNC8. Hypoxia can induce autophagy activation and quickly promote the processes of tumor growth [28] . We used CoCl 2 to mimic hypoxia to induce cell autophagy, and the results showed that overexpression of TSLNC8 obviously inhibited A549 cells autophagy by regulating the levels of autophagy-related proteins Beclin-1, ATG14, and p62, as well as the level of LC3-II. Thus, TSLNC8 can promote cell apoptosis by inhibiting autophagy in lung cancer cells. IL-6 is a pleiotropic inflammatory cytokine that is strongly associated with cancers [29, 30] . IL-6 binds to its receptor and the complex activates Janus kinases (JAK), leading to the phosphorylation of STAT3 [31, 32] . The IL-6/STAT3 signaling pathway has important biological roles in promoting tumor cell proliferation, invasion, and angiogenesis [33] . Mounting evidence shows that several subtypes of lung cancer can be suppressed by inhibiting the IL-6/STAT3 pathway. Jiang et al. found that IL-37 markedly inhibits cell invasion and decreases epithelial-mesenchymal transition in NSCLC by targeting the IL-6/STAT3 signaling pathway [34] . Yu et al. verified that large cell lung cancer cell lines were suppressed by plumbagin via suppressing the IL-6/STAT3 signaling pathway [35] . In the present study, the protein levels of IL-6 and JAK2 were significantly reduced and the phosphorylation of STAT3 was notably inhibited when TSLNC8 was overexpressed, while the total amount of STAT3 was unchanged. These results suggest that TSLNC8 acts as a tumor suppressor of NSCLC via regulating the expressions of IL-6 and its downstream genes, as well as the phosphorylation of STAT3.
HIF-1a is a transcription factor expressed in cells under hypoxia condition, and its activation is strongly linked to tumor growth and development [36] , including lung cancers [37] . IL-6 induces the JAK2 pathway, which leads to increased activated p-STAT3. HIF-1a then interacts with activated STAT3 by blocking HIF-1a degradation and accelerating synthesis [29] . A recently discovered IL-6/STAT3/HIF1a autocrine loop has been found in multiple tumor types [10] . One study revealed that blocking Hsp90 disrupted phosphorylation of IGF-I and prevented IL-6 signaling cascades, which reduced the activation of STAT3 and HIF-1a in pancreatic cancer [38] . Another study showed that hypoxia-activated STAT3 regulates HIF-1a protein stability and enhances HIF-1-mediated expression of VEGF in renal carcinoma cells [39] . Consistent with the above, our results show that HIF-1a protein level is significantly inhibited by TSLNC8, along with the decreased expressions of p-STAT3 and IL-6. These data indicate that TSLNC8 exerts its tumor-suppressive activity through IL-6/STAT3/HIF-1a signaling pathways in NSCLC. However, the underlying mechanisms by which TSLNC8 suppresses IL-6 expression remains unclear, and we intend to explore this in further research.
Conclusions
In summary, our findings reveal for the first time that TSLNC8 works as a tumor suppressor through the IL-6/STAT3/HIF-1a signaling pathway in NSCLC by inhibiting cell metastasis and promoting apoptosis. As such, TSLNC8 may be an effective target for treating NSCLC.
